Congenitally corrected transposition of the great arteries (cc-TGA), is also defined as double discordance and ventricular inversion. We conducted a retrospective evaluation of medical records of 79 patients diagnosed and followed-up with congenital transposition of great arteries between December 1993 and January 2014 at our pediatric cardiology department. Of 79 patients included in the study, 46 (58.2%) were male, mean age at diagnosis was 40±39.25 months and the mean follow-up time was 56±39.4 months. Thirteen (16.5%) patients had atrial situs inversus. The most common concomitant abnormality was found to be ventricular septal defet (29.1%). Fourty-five patients had pulmonary stenosis either in the form of valvular, subvalvular or both together. Twelve (15.2%) patients had pulmonary atresia. Systemic atrioventricular valve (AV) regurgitation was present in 51 (64.6%) patients, whereas 2 (2.5%) patients had severe systemic AV valve regurgitation. Ebstein-like AV valve was detected in 5 (6.3%) patients. Transcatheter interventions included ductal stent implantation (n=5; 6.3%), left ventriculopulmonary artery conduit angioplasty (n=2; 2.5%), RV-PA conduit angioplasty (n=1; 1.3%) and pulmonary balloon valvuloplasty (n=2; 2.5%). Eleven (13.9%) patients underwent interventional therapeutic cardiac catheterization. Glenn anastomosis was performed in 16 (20.3%) patients. Nine (11.4%) patients required a permanent pacemaker implantation. Individualization of treatments and managements for the patients is of prognostic importance for these patients needing lifelong follow-up due to the large number of accompanying anomalies and different degrees of abnormalities in cc-TGA patients.
ıNTRODuCTıON
Congenitally corrected transposition of the great arteries (cc-TGA), also termed as double discordance and ventricular inversion or physiologically corrected transposition of the great arteries, is a rare defect characterized by the combination of atrioventricular and ventriculoarterial discordance, which comprises about 0.5% of all congenital cardiac anomalies (1) . There is a heterogeneous group of patients and highly variable clinical course associated with the presence and severity of accompanying abnormalities such as ventricular septal defect (VSD), pulmonary stenosis (PS)/atresia, Ebstein-like malformation of the tricuspid valve (2) . Long-term survival and, if possible, morphological right ventricular dysfunction and tricuspid regurgitation counter-acting the systemic circulation are important prognostic determinants in these patients (3) (4) (5) . Surgical procedures include conventional repair (atrial septal defect and VSD closure, elimination of PS, isolated tricuspid valve repair), anatomic repair (double switch operation; atrial switch and arterial switch), and Fontan-type repair options (19) . Due to the negative consequences of conventional surgery in which morphologic right ventricle will be the systemic ventricle, as an alternative double switch procedure which restores morphologic left ventricle to the systemic circulation emerged. In patients with congenital corrected transposition of the great arteries, the possibility of congenital or postoperative AV (atrioventricular) block and the tachyarrhythmia is increased due to the conduction system abnormalities and potential instability. A lifelong follow-up is required because the possibility of the development of complete AV block after the diagnosis is estimated to be 2% per annum (7, 8) . In this study, we aimed to present our experiences by conducting retrospective analysis of the echocardiographic findings, cardiac catheterization findings of those with an indication, need for a permanent pacemaker, and surgical/transcatheter interventional procedures among cc-TGA patients diagnosed and followed-up in our pediatric cardiology and cardiac surgery departments.
meTHODS

Patient group:
We conducted retrospective evaluation of medical records of 64 patients diagnosed and followed-up with congenital transposition of great arteries between December 1993 and January 2013 at our pediatric cardiology department. The study was approved by the local ethics committee. Patients who did not participate at a regular follow-up were excluded from the study. We analyzed the demographic data and transthoracic echocardiographic findings of all patients, the records of 15 patients with an indication for cardiac catheterization, the records of medical treatment and surgical treatment, and follow-up records of patients with an indication of pacemaker placement.
Transthoracic echocardiography
The diagnosis of cc-TGA was confirmed by the presence of a combination of AV discordance and VA discordance. We used GE Philips IE33 cardiovascular ultrasound systems (Philips Medical Systems, Andover, MD. USA) with a 2-D, M-mode and color Doppler data. We performed segmental analysis of visceral and atrial situs, atrioventricular and ventriculoarterial (VA) connections, atrioventricular valves, interatrial septum (IAS) and interventricular septum (IVS), the relationships of the great arteries and accompanying pathologies. cardiac catheterization A Philips Advantx LC/LP device (GE Healthcare, USA) was used for invasive measurements and transcatheter interventions.
Statistical analysis:
Data analysis was performed with the help of SPSS for Windows, version 15 (SPSS Inc., Chicago, IL, United States). Continuous variables were tabulated in the form of mean (± standard deviation) or median, as appropriate (range). Nominal data distribution was described as absolute number (percentage). Differences between groups were compared by Student's t-test or the Mann-Whitney U test depending on the distribution. Nominal data were analyzed by the chi-square test or Fisher's exact test as appropriate. A p-value lower than 0.05 was the threshold for statistical significance.
ReSulTS
Of 79 patients included in the study, 46 (58.2%) were male, and mean age at diagnosis was 40±44.25 months and the mean follow-up period was 56±39.4 months. Thirteen (16.5%) patients had atrial situs inversus. The most common great artery relationship was found to be L-TGA in 58 (73.4%) patients, whereas D-TGA was found in 15 (19%) patients. The most common concomitant abnormality was found to be large inlet to outlet VSD in 23 patients (29.1%). Forty-five patients had pulmonary stenosis either in the form of valvular, subvalvular or in combination. Twelve (15.2%) patients had pulmonary atresia. According to initial diagnosis 42 (%53.2) patients had VSD with pulmonary stenosis. Systemic AV valve regurgitation was present in 51 (64.6%) patients, whereas 2 (2.5%) patients had severe systemic AV valve regurgitation. Ebstein-like AV valve was detected in 5 (6.3%) patients. Six (7.6%) patients had no associated cardiac anomalies. Fourteen (17.7%) patients had pulmonary hypertension. Forty-five (56.9%) patients underwent surgical intervention. Conventional surgery repair were applied in 11 patients. Eleven (13.9%) patients underwent interventional therapeutic cardiac catheterization. Nine (11.4%) patients required a permanent pacemaker implantation, of whom 6 patients developed postoperative AV block ( Table 4) .
DıSCuSSıON
In this study the data of demographic, echocardiographic and catheterization findings of 79 patients with cc-TGA, and the experience of a single center on surgery and interventional cardiac catheterization were analyzed retrospectively. Several studies have estimated the incidence as 2.6 to 8.6 per 1000 live births (1, 9) . A variable clinical course and long-term follow-up results have been reported in cc-TGA patients, which are heterogeneous group of patients because of having a rare anomaly and the presence of numerous accompanying anomalies (9, 11) . In our study, a male predominance was reported with a rate of 58.2%, which is consistent with the literature. In the studies, the age at diagnosis was found to be in a wide range from 1 day to 80 years based on accompanying abnormalities (10) . In our study, the median age at diagnosis was 53.7 months with a range of 1 day to 28 years. Although situs solitus was detected in most cases, the incidence of situs abnormalities was reported to be 34% in pediatric series, and the patients with situs inversus presented with fewer Ebstein-like malformations, spontaneous complete AV block and long-term complications (11) . In our patient group 79.7% of the patients had situs solitus. No significant difference was found between the situs solitus and situs inversus groups in terms of accompanying anomalies, treatment regimen and development of AV block (p>0.05). The presence of anomalies in patients with cc-TGA and detection and management of these anomalies are important factors determining longterm survival. In our study, 6 (7.6%) patients had no associated cardiac anomalies, which is similar to the rate of 9% in the series reported by Lundstrom et al (12) . The most common concomitant anatomic pathologies were reported as VSD and pulmonary stenosis or pulmonary atresia with incidence rates of 70-84% and 24 to 76%, respectively (10, (12) (13) (14) (15) . In our study, 88.6% of the patients had VSD (most frequently large inlet to outlet VSD). While pulmonary stenosis was not detected in 27.8% of the patients, the rest had pulmonary stenosis and pulmonary atresia (15.2%). Forty-two (%53.2) patients had VSD with pulmonary stenosis. Systemic AV valve abnormalities (dysplasia, straddling, Ebstein-like malformation) alone or in combination with valve regurgitation have been reported at different rates in various studies (7, 10, 12, 14, 15) . The incidence of Ebstein-like malformation has been reported as 76% by Allwork et al and 0.3% by Silverman et al, and this difference between incidence rates may be due to the different interpretation of the pathology reports (10, 16) . In our study, systemic AV valve straddling was found in 3 (3.8%) patients and Ebstein-like malformation in 5 (6.3%) patients.
The incidence of complete AV block has been reported to range between 12 and 33 percent (7, 8) . In our study, 9 (11.4%) patients developed complete AV block and required permanent pacemaker implantation, and 6 of them had also postoperative AV block. Daliento et al. (8) have documented that first-and second-degree AV blocks progress to complete AV block due to the fibrosis of the conduction system with increasing age. Accordingly, our cases are periodically followed-up for AV conduction disorders. Other accompanying rhythm disorders have been reported as supraventricular tachycardia, atrial flutter, atrial fibrillation, Wolff-Parkinson-White syndrome, ventricular ectopia and exercise-induced ventricular tachycardia (8, 11, 17) . Today, cardiac catheterization is applied for diagnostic purposes in patients with increased pulmonary vascular resistance that is non-assessable with noninvasive methods, for instance when pulmonary vasodilator response is evaluated, in severe systemic valve regurgitation, and when aortopulmonary collateral or abnormal coronary anatomy is suspected. As in our patient group, it is implemented to treat conduit stenosis by percutaneous intervention in patients underwent surgery or for device occlusion of Fontan fenestration. In these patients, before cardiac catheterization equipment should be ready for temporary or permanent pacemaker implantation because of anteriorly located AV node and fragile conduction system (20) . Presence of clinically important accompanying abnormalities such as ventricular septal defect (VSD), pulmonary stenosis (PS)/atresia can necessitate surgical intervention. Surgical procedures include conventional repair (ASD and VSD closure, elimination of PS, isolated tricuspid valve repair), anatomic repair (double switch operation; atrial switch and arterial switch), and Fontan-type repair options (19) . As the long term result of each alternative procedure is not satisfactory, timing and mode of surgical method must be carefully analyzed for each patient. Until recently conventional physiological repair of accompanying anomalies (VSD closure, LV-PA conduit for pulmonary atresia and stenosis, etc.) were preferred. The persistence of the morphologic right ventricle as systemic ventricle had resulted in progressive tricuspid regurgitation and ended up with systemic ventricular dysfunction. In terms of long-term results, it was disappointing (1, 6, 20) . Lundstom et al. reported premature deaths in 11 out of 51 cases. In addition, Hraska et al. reported 10 year-survival rate as 70%, whereas Yeh et al reported 20 year survival rate as 48% and in 56% of the cases the need for reoperation arised (19, 20) . Ebstein's malformation of the tricuspid valve and systemic ventricular dysfunction are the most important risk factors in these patients, so implementation of surgical approaches alternative to the conventional repair is important for the long-term prognosis of these patients. We applied conventional surgical repair in 11 patients without these risk factors. One of these patients was monitored for 38 months with diagnoses of mild insufficiency of bilateral atrioventricular valves and myocardial noncompaction, who was clinically stable with an oxygen saturation level around 90 percent. The second patient (who underwent balloon angioplasty for severe conduit stenosis) had mild stenosis in the LV-PA conduit and mild systemic valve regurgitation, and was monitored with clinically stable status. The third patient had mild stenosis in the LV-PA conduit and moderate systemic AV valve regurgitation. The 4th and the 5th patient had mild systemic AV valve regurgitation, and moderate systemic AV valve regurgitation (6. and 7. patients), AV valve regurgitation (8 th patient), th severe stenosis in the RV-PA conduit (balloon angioplasty was performed for severe conduit stenosis), and mild systemic AV valve regurgitation (9 th patient), moderate systemic AV valve regurgitation and systolic dysfunction (postoperative follow-up period of 42 months) (10 th patient), and the 11 th patient developed progressive severe systemic AV valve regurgitation at the month 62 of the follow-up despite systemic AV valve repair.
Surgical modalities that focus on switching the morphological left ventricle from pulmonary circulation to the systemic circulation are anatomically corrective surgical procedures and can positively affect the long-term prognosis of these patients. Double switch procedure is usually performed during the first 6-8 months of life in patients with adequate LV hemodynamics, who do not have any significant left ventricular outflow tract obstruction (LVOTO) and whose pulmonary valve is appropriate to be a neoaortic valve (21) . In patients with VSD and outflow obstruction, the combination of Senning and Rastelli procedures is preferred as surgical approaches. Shin'oka et al. (19) have reported 15 year survival rate after 84 anatomical correction surgeries as 75% for double switch and 80% for Rastelli-Senning/Mustard procedures. When postoperative morbidity and mortality in patients undergoing anatomic correction over the short and intermediate-term outcomes were evaluated, it was found that Senning/arterial switch operations produced better outcomes than those of Senning/Rastelli operations, though long-term follow-up results have not been reported (23) . In our patient group, one patient underwent the combination of Senning and Rastelli procedure and one patient underwent mustard + Rastelli + Glenn combination. During the follow-up of 136 months of our patient who had undergonen combined Senning and Rastelli procedures, we detected mild conduit stenosis (balloon angioplasty was performed once for severe conduit stenosis), mild insufficiency in bilateral atrioventricular valves, and global systolic dysfunction at the 120 th month of the follow-up period. The patient undergoing combined Mustard-Rastelli-Glenn operation was clinically stable with mild AV valve regurgitation, mild conduit stenosis and O 2 saturation of 84-86% at the month 98 of the ongoing follow-up.
Unfortunately, double switch procedure does not return everything to normal. Intraoperative risks are higher in double switch than the classical repair. Each component of double switch procedure has its own potential risks. Atrial baffling procedures have the risk of obstruction and leak, and if patients followed long enough it may end up with atrial arrhythmias. After arterial switch operation late coronary arterial obstruction may develop as a result of transfer of coronary arteries. The Rastelli operation itself has its own risks like subaortic stenosis, ventricular dysfunction and conduction system problems (25) . A high risk anatomic repair that we were inexperienced is preferable to classical or single ventricular repair (31) . Although significant improvements have been reported in the right ventricle and tricuspid valve functions after the anatomical correction, long-term follow-up of these patients is particularly important for the early detection of progressive left ventricular systolic dysfunction in the late phase (26, 27) . However, further randomized clinical studies are needed to compare late outcomes of surgical approaches targeting physiological and anatomical correction.
One of the major factors associated with increased morbidity and mortality in cc-TGA patients is tricuspid regurgitation (TR). It has been noticed that after conventional repair TR increases. ccTGA patients with PS have better long term results than simple ccTGA ones. Pulmonary artery banding increases morphologic LV (mLV)/morphologic RV (mRV) pressure ratio beside maintaining a conditioned mLV. As a result, septum will shift to right which will improve tricuspid competence. Reduction in TR is the probable factor that will prevent mRV dilatation and dysfunction. Early prophylactic pulmonary banding especially before puberty is advised as beyond infant age group the result of banding will be hypertrophy rather than hyperplasia and this may end up with mLV dysfunction which is a poor prognostic factor. Mild, dilatable pulmonary banding is offered when ccTGA is diagnosed before 6 months' age, after this age group it is offered when significant TR or mRV dysfunction is noticed (22, 35) . Kollars et al.
(34) performed pulmonary artery banding with the aim of increasing LV/RV pressure ratio. This attempt resulted in a less spherical right ventricle, improvement in coaptation of tricuspid valve and as a consequence remission in TR. As a result they suggested pulmonary artery banding itself may be an alternative for long term palliation (22, 35) . Winlaw et al. (36) reported their results of pulmonary artery banding applied to patients whose systemic ventricle is RV. Sixteen of 32 banded patients achieved successful anatomic repair, 8 of them persisted with palliative banding and 7 patients underwent debanding, and one patient died.
In our patient group, 6 patients underwent pulmonary artery banding. All of them are still alive. During follow up none of the patient's functional status and RV function detoriated. In three infants pulmonary banding performed with the aim of preserving a trained LV and preventing RV dilatation and TR. In three of them patients were older with TR, dilated spheric RV. Among these 6 patients TR, RV function, RV dilatation showed no significant deterioration and all persisted with palliative banding.
In patients who require complex biventricular repair or not candidates for biventricular repair, it has been reported that Fontan operation had more successful results (18, 24) . Another treatment option for this type of patients is one-and-one half ventricle repair between Fontan circulation and classic conventional physiological surgical repair (25) . This repair can be performed in patients with cc-TGA and PS whether they have VSD or not, and candidates may be selected from patient populations who are considered suboptimal for anatomical repair or conventional repair. There was no patient considered suboptimal for one-and-one half ventricle repair in our study. Glenn anastomosis with antegrade pulmonary blood flow may be an ideal definitive palliation in patients considered suboptimal candidates for a Fontan circulation or those who might meet the Fontan criteria in the future (29) . As Glenn anastomosis unloaded the morphologic left ventricle, the consequence was a decrease in the degree of tricuspid valve insufficiency and improvement in the right ventricular function. In our patient group, 9 patients underwent Glenn operation with antegrade pulmonary blood flow, and 1 patient underwent classical Glenn operation, and 6 patients received bidirectional Glenn operation.
According to our experience Glenn anastomosis with antegrade pulmonary blood flow is suitable strategy for definitive palliation, particularly in cc-TGA patients considered high risk candidates for Fontan circulation. Therefore, instead of performing complex biventricular repair procedures, Glenn anastomosis with antegrade pulmonary blood flow may be performed. Three of our patients received lateral tunnel Fontan operation and 4 patients underwent extracardiac Fontan operation. In one patient who underwent Fontan operation, we observed edema and decreased saturation for 3 years of follow-up, therefore, we performed percutaneous closure of Fontan fenestrations with transcatheter device, so the patient's complaints decreased and the oxygen saturation increased to 97%. No other complication occurred in the patients who received Fontan operation during the follow-up.
Among 79 patients 34 (43.1%) of them had not been operated before, and cyanosis, congestive heart failure resistant to medical therapy, deteriorating right ventricle or TR causing right ventricular dilatation were not detected. Presence of accompanying abnormalities is not an absolute indication for surgery as long term results in patients with mild to moderate LVOT obstruction are better than the ones without stenosis. At first necessity, than time and type of procedure should be decided according to postoperative short term morbidity and mortality, and long term results.
Pulmonary vascular disease may complicate congenital heart disease including cc-TGA. Surgical repair is indicated when PVRI is not >10 Wum2 and when pulmonary-to-systemic flow ratio is at least 2:1 (32) . In our study, 10 (15.6%) patients diagnosed as systemic PH, and 4 (5.1%) patients as mild PH according to echocardiographic evaluation. Cardiac catheterization was not applied to all of them.
CONCluSıON
Individualization of treatments and managements is of prognostic importance for these patients needing lifelong follow-up due to the large number of accompanying anomalies and different degrees of abnorma-
